Original Article because of recent evidence against the beneficial role of HDL [9] [10] [11] [12] . In this context, it was of interest that a recent cohort study suggested that two HDL-C subclasses, HDL2 and 3, had opposite effects on the plaque formation; an inverse association between HDL3-C and plaque area and a positive association between HDL2-C and plaque thickness were found in the US population 13) . In spite of increasing attention to physiological roles of the HDL subclasses, a limited number of reports have so far been available on the role of the HDL-C subclasses in cardiovascular diseases probably due to methodological difficulty in quantification of
Introduction
A high level of plasma HDL-C has long been believed to associate with a reduced number of cardiovascular events in general populations as well as in populations with high risks for cardiovascular events [1] [2] [3] [4] [5] [6] [7] [8] . However, this concept is now controversial
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Data Collection
Disease history, medication and information about lifestyle such as smoking, alcohol consumption and regular exercise were obtained by a questionnaire. Smokers were defined as subjects smoking daily (smokers: 1, and non-smokers: 2). Habitual drinkers were defined as subjects drinking alcohol regularly (habitual drinkers: 1, and non-habitual drinkers: 2). As for a habit of regular exercise, subjects self-reporting to have daily exercise were categorized as subjects having "regular exercise" (regular exercise: 1, and nonregular exercise: 2). It was recommended to include "ex-smoker" in the smoking status because smoking was shown to be a risk for atherosclerotic disorders even many years after quitting 25) . However, as our database included many missing data on previous smoking history, only the current smoking status was employed in the analysis.
Blood pressure was measured twice after taking a rest for at least 15 min. The lower of the two measurements was taken as the blood pressure measured at site. Venous blood was collected after overnight fasting. A serum sample was separated and kept frozen at 80 until the measurement of HDL-C and the subclasses. Biochemical measurements of triglyceride (TG), low density lipoprotein cholesterol (LDL-C), and Cr were performed by standard enzymatic methods. Hemoglobin A1c (HbA1c) was determined by highperformance liquid chromatography (HPLC). Estimated glomerular filtration rate (eGFR) was calculated by the following formula revised by the working group of Japanese Chronic Kidney Disease Initiative 26) ; eGFR (mL/min/1.73 m 2 ) 194 (serum Cr, mg/dL) 1 .094 age 0.287 (0.739, if female). Intima-media thickness (IMT) in the carotid artery was measured with a high-resolution, real-time ultrasonography with a 7.5-MHz transducer (Vivid I or LOGIQ e, GE, Tokyo, Japan). The measurement of the arterial wall thickness was performed at four segments in the bilateral carotid arteries; at 1.5-cm distal to the bifurcation in the internal carotid artery (S1), at the bifurcation (S2), at 0 -1.5 cm (S3) and 1.5 -3.0 cm (S4) proximal to the bifurcation in the common carotid artery. The maximal value among the eight measurements at S1 -4 of the bilateral carotid arteries was analyzed as max-IMT in the present study. Eight measurements at S1 -4 of the bilateral carotid arteries were summed up as plaque score (PS) if they were 1.1 cm or more.
HDL2-C and HDL3-C Measurements
The measurement of total HDL-C was perthe subclasses 1, [14] [15] [16] [17] ; it is necessary to separate the two HDL subclasses by ultracentrifugation [HDL2 (1.063 -1.125) and HDL3 (1.125 -1.210)] [18] [19] [20] . Measurement of plasma concentration of HDL subclasses was therefore a laborious and time-consuming process, which hampers quantification of HDL2 and HDL3 in largescale clinical and epidemiological studies. In this context, it was groundbreaking that a novel reagent was introduced to separate HDL2 from HDL3, which made it possible to quantify them using a versatile automatic analyzer without ultracentrifugation 21) . Further, a new assay kit was recently developed and kindly provided (Kyowa Medex Co., Ltd. Tokyo, Japan), which established a simple method to determine precise concentrations of HDL2-C and HDL3-C 22) . In this study, we therefore employed the new method and examined the association of HDL2-C and HDL3-C with the intima-media thickness (IMT) in the carotid artery, which is a good surrogate marker for the systemic atherosclerosis, in a communitydwelling Japanese population.
Methods

Subjects
Inclusion criteria of participants of the present study were all individuals aged 35 or older who received health examinations conducted on Oki Island in 2015. Although we invited all the subjects according to the criteria, the participants in this study were mostly over 50 years of age due to a highly aging society in this area. The exclusion criterion was having severe disorders, such as advanced cancer, heart failure, frailty and renal failure with serum creatinine (Cr) 2 mg/dL. Participants were considered to have these diseases when they had already been diagnosed by medical doctors.
Based on these criteria, a total of 657 subjects (223 males and 434 females) were assigned to this study. Histories of smoking, hypertension, diabetes mellitus, and hypercholesterolemia were obtained through an interview. Blood pressure and fasting blood glucose measured on site were not included in the criteria for the diagnosis. This study was a part of the cohort study (Shimane CoHRE Study) conducted by the Center for the Community-based Health Research and Education, Shimane University. The Shimane CoHRE study started in 2006, and the population employed in this study was not the same as those in our previous reports performed for different aims 23, 24) .
Ethics
Written informed consent was obtained from each participant. The study protocol was approved by HDL-C, and d 1.125 kg/L with KBr and sodium chloride (NaCl) for HDL3-C), the sample was centrifuged at 223,000 g (L-60, Beckman-Coulter, Fullerton, CA) with Type 50.4 Ti Rotor (Beckman-Coulter) at 10 for four h. After aspiration of 40% of the supernatant (upper layer), the remaining sample was used for the measurement of cholesterol (Wako Pure Chemical Industries, Ltd.) to determine the concentration of the total HDL-C and the HDL3-C subfraction, respectively. The HDL2-C subfraction was determined by the following formula:
; coefficients for dilution, and ; correction of the volume for aspiration
In addition, we determined the HDL3-C concentration using single precipitation methods to compare the homogeneous method developed by Kyowa Medex Co., Ltd. In the Warnick method, 50 µg of HDL3 reagent (19.1 g/L Dextransulfate and 1.95 M magnesium chloride (MgCl2)) was added to 0.5 mL serum. After vortex mixing, the mixture was placed at room temperature for 15 min and centrifuged at 12,000 g for five min. Cholesterol concentrations of the supernatant in the isolated HDL3 were measured by the cholesterol assay. In the Hirano method, 60 µg of HDL3 reagent (12 g/L Dextransulfate, 8.25 g/L heparin and 98.7 g/L MgCl2) was added to 0.3 mL serum 29) . After vortex mixing, the mixture was placed to centrifuge at 10,000 rpm for 10 min. The supernatant was used for the measurement of HDL3-C. formed using a commercial assay kit, MetaboLead ® HDL-C (Kyowa Medex Co., Ltd. Tokyo, Japan) and a general auto-analyzer (JCA-BM6070, Nihon Denshi Co., Japan). The measurement of HDL3-C was performed using the homogeneous method developed by Kyowa Medex Co., Ltd. 22) . In brief, not only LDL and VLDL but also HDL2 were coagulated in a solution with an adequate concentration of polyanions and magnesium because HDL2 has a higher positive charge compared with HDL3. Accordingly, HDL3-C reacted with cholesterol-related enzymes, such as cholesterol esterase and cholesterol oxidase, preferentially, and the HDL3-C level was quantified. The HDL2-C level was then determined by subtraction of HDL3-C from the total HDL-C level. The detection limit for total HDL-C and HDL3-C were 0.03 and 0.05 µmol/ L, and the relative standard deviation (SD) was 4.7 and 2.9%, respectively. The intra-and inter-assay coefficients of variations in the HDL3-C measurement were 1.9% and 2.1%, respectively.
In order to validate the homogeneous method described above, the concentrations of the HDL subclasses measured by this method were compared with those by the ultracentrifugation method in 20 samples. Measurement by the ultracentrifugation was carried out in an outsourcing laboratory (SRL, Inc., Japan) according to the modified protocol of the methods reported previously. 27, 28) ; a plasma sample was cooled on ice immediately and separated into two tubes with potassium bromide (KBr). After adjustment for the density (d 1.063 kg/L with KBr for In addition, in terms of HDL3-C, the correlation of the homogenous method with the ultracentrifugation method was significantly better than the Warnick method and at least comparable to the Hirano method ( Supplementary Fig. 1 ).
Demographic Data of the Studied Population
The baseline characteristics of the 657 participants (223 men and 434 women) were shown in Table 1 . LDL-C, HDL-C and HDL2-C were significantly higher in women than in men, though subjects taking anti-hyperlipidemic drugs were found more in women. HDL3-C tended to be higher in women than in men, though it did not reach a significant level. Max-IMT and the ratio of smokers and diabetes mellitus were significantly higher in men than in women.
Impact of the Level of HDL-C Subclasses on Max-IMT and PS
A simple regression analysis showed that max-IMT and PS showed an inverse correlation with
Statistics
Data were expressed as mean SD. Because of a skewed distribution, the serum TG level and max-IMT were analyzed after logarithmic (log) transformation. Pearson's correlation coefficient and analysis of variance (ANOVA) were employed in univariate analyses between max-IMT and other variables. Then, the multiple linear regression and the multiple logistic regression analyses were performed to examine an association of max-IMT with the HDL subclasses. In the logistic regression analysis, subjects were divided into two groups according to their max-IMT following a clinical criterion [30] [31] [32] ; subjects with max-IMT ≥ 1.5 mm were categorized as "atherosclerotic". As for PS, those over the median ( 4.0) were categorized as "atherosclerotic". All statistical analyses were performed with the use of the IBM SPSS Statistic software (SPSS Statistics 21). Statistical significance was defined as p 0.05.
Results
Validation of the Homogenous Method to Quantify the HDL-C Subclasses
In order to validate the new measurement method, levels of HDL-C subclasses determined by the homogenous method were compared with those 4B) . Age, male gender, and smoking in the younger population and male gender, HbA1c, and lower BMI in the elderly population were factors positively associated with max-IMT (Table  4A ). In addition, multiple logistic regression analysis showed that in both the younger and elder population, HDL3-C was not selected as an independent factor to identify "atherosclerotic" subjects with max-IMT ≥ 1.5 mm under adjustment with covariates (Table 5A ). These findings were consistent with those on PS (Table 4B and 5B), suggesting that the apparent association between HDL3-C and max-IMT as well as PS in a simple regression analysis was mainly due to a strong confounder, i.e., age.
HDL3-C but not with HDL2-C (Table 2A and 2B) . This correlation was still observed when the analysis was done in men and women separately. HDL-C showed an inverse correlation with max-IMT and PS as well, which was, however, weaker when compared with HDL3-C. HDL3-C showed a modest inverse association with age in men as well as in women whereas HDL2-C did not (Table 3) . Interestingly, HDL3-C was not associated with HDL2-C, although HDL3-C was significantly associated with DBP, LDL-C, and HDL-C ( Table 3) .
In spite of the significant correlation found in the simple regression, multiple linear regression analysis under adjustment of confounding factors indicated that HDL3-C was not associated with max-IMT as events and mortality 13, 16, [36] [37] [38] [39] [40] [41] . However, as findings inconsistent with those above have been reported as well [42] [43] [44] [45] [46] , pathophysiological roles of the HDL subclasses have not been confirmed yet. Concerning the relationship between HDL subclasses and atherosclerosis, some investigators have reported that the HDL2-C level is inversely associated with carotid artery wall thickness 42, 45) , while the HDL3-C level has been reported to be inversely associated with carotid plaque area 13) and with plaques in the femoral sites 36) . Taken together, the role of HDL-C subclasses in plaque formation and prevention against cardiovascular events are still controversial. On the other hand, according to recent studies regarding total HDL-C level, it was inversely associated with carotid IMT especially in middle-aged men 47) and was protective against coronary heart disease unless it was not very high 48) . In the present study, the serum HDL2-C level was higher than the HDL3-C level, which was consistent with previous reports in Japanese populations 21, 49) . In contrast, in Caucasians and Hispanics, the HDL3-C level was higher than the HDL2-C level 13, 14, 16, 45, 50) . Dietary factors may affect the HDL-C subclass level.
In this context, we should keep in mind that fish is a common food in Japan especially in the Oki Islands. Previous studies suggested that the serum HDL2-C level was influenced by dietary intake of saturated fatty acids 50, 51) . However, a twin study indicated that effects of long-term dietary habits on the serum lipid levels were determined largely by the genetic factor 52) . In addition, because polymorphisms of the hepatic lipase and the cholesteryl ester transfer protein genes can affect the serum level of HDL-C and of the subclasses 53, 54) , the discrepancy between Japanese/Asians and Caucasians/Hispanics in terms of the serum level
Effects of Medication
Since medication, such as statins and fibrates, has not been considered in the analysis above, we further assessed the relationship between HDL3-C and max-IMT in subjects without lipid-lowering medication (n 465). Multiple linear regression analysis indicated that HDL3-C was not associated with max-IMT (Table 6A) , although HDL3-C significantly and inversely correlated with max-IMT in a simple regression analysis (data not shown). These findings were consistent with the results of multiple logistic regression analysis (Table 6B ).
Discussion
We found that serum concentration of HDL-C subclasses measured by the homogenous assay was well correlated with that measured by ultracentrifugation, and that not HDL2-C but HDL3-C was inversely associated with age. Although HDL3-C was inversely correlated with max-IMT as well as PS in a simple regression, the significant correlation was not observed under adjustment with confounding factors including age. These findings suggested that serum level of HDL-C subclasses was not independently associated with carotid IMT in this population.
Although HDL-C has been considered to be protective against atherosclerosis and cardiovascular events, recent evidence does not support this idea 10, [33] [34] [35] . In this context, HDL2 and HDL3 have attracted much attention as they may possess key roles to explain the discrepancy of the role of HDL. In fact, previous studies showed that the HDL3-C level was inversely associated with coronary and peripheral arterial diseases, plaque formation or plaque area, and cardiovascular related to sedentary life style in an aged population. Although, to the best of our knowledge, disease prevalence on the Oki Islands was not largely deviated from the average of Japanese populations, future study is needed to evaluate the association between disease prevalence and the HDL3-C level. Further, this observation is not consistent with those of previous reports showing that not HDL3-C but HDL2-C positively correlated with age in Caucasian/Hispanic populations 56, 57) . This discrepancy between Japanese and Caucasians/Hispanics is again enigmatic. Further studies on precise metabolisms of the HDL-C subof the HDL-C subclasses may be explained by the different genetic background among the population studied. Furthermore, a recent study indicated that efflux capacity of HDL-C was also different between Asians and Caucasians, which might be explained by the difference in the ratio between HDL3 and HDL2 55) . This is the first report showing a significant correlation between age and HDL3-C. It is of note that HDL2-C showed no correlation with age at all ( Table  3) . This observation seemed reliable because we obtained consistent results both in men and women. The correlation between HDL3-C and age may be Furthermore, we did not consider the presence of exsmokers in the analysis, which could be a limitation of our study. It might affect the association of HDL subfractions with carotid atherosclerosis, because it is well known that smoking decreases HDL-C whereas cessation of smoking increases HDL-C. In addition, roles of HDL subclasses in the cholesterol metabolism may need to be clarified in experimental studies. Recent studies demonstrated that the cholesterol efflux capacity of macrophages was inversely associated with classes are essential to solve these questions. In addition, as our population was rather aged (mean age was 73 years); it may be necessary to examine the levels of the HDL-C subclasses in a younger generation. Although the present study could not show a significant association of HDL2 or HDL3 with max-IMT, this observation did not negate pathophysiological significance of HDL3 in atherosclerosis; as age is a strong confounder, it may be necessary to design studies to dissociate effects of HDL3 from those of age. with max-IMT and PS in a general Japanese population. Direct measurement of HDL-C subclasses by the homogenous assay is a simple and reliable method, which can be applied in epidemiological and clinical studies.
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In conclusion, we found that the serum level of HDL3-C was inversely associated with age, and that the HDL-C subclass was not independently associated 
